Adverse events of drug therapy Background:
Background
Nivolumab, an immune checkpoint inhibitor (ICI), is a humanized anti-PD-1 monoclonal antibody that is used for the treatment for various types of cancer after second-line chemotherapy. Nivolumab may activate T cells to develop antitumor effects, but this immune activation sometimes causes immune-related adverse events (irAE), such as pneumonitis, hepatitis, and enterocolitis [1] .
Enterocolitis is one form of irAE that decreases the quality-oflife of patients with lung cancer and disrupts treatment with ICIs. Among patients with lung cancer, enterocolitis is common, affecting approximately 8% of treated patients [2, 3] , and can reach grade 3-4 severity among 1% of patients [3] . Enterocolitis can be managed with cessation of nivolumab and administration of intravenous corticosteroid therapy after hospitalization (methylprednisolone 1-2 mg/kg per day) or administration of 5 mg/kg of infliximab in severe cases [1] . However, there is no standard therapy for enterocolitis that is intractable with corticosteroid therapy or infliximab, and the description of such cases in the literature is scarce, although the use of tacrolimus or mycophenolate has been suggested [4] . Herein, we report a case of severe enterocolitis associated with nivolumab that was refractory to the recommended treatment course (corticosteroid and infliximab) [1] , but resolved successfully after cyclosporine treatment.
Case Report
A 62-year-old male with non-small cell lung cancer and suffering from multiple brain metastases was examined at our clinic. Eleven years before presenting to us, he was diagnosed with stage IIIA (cT3N2M0) lung adenocarcinoma and received cisplatin-based chemoradiotherapy without surgery. Four years before presenting to us, his lung cancer recurred, and he received multiple courses of standard chemotherapy (such as platinum-based chemotherapy and pemetrexed/bevacizumab) after confirmation that the genetic mutation of his tumor was wild-type for the EGFR and the ALK fusion genes. Standard chemotherapy was unable to control the lung lesions and brain metastases; therefore, intravenous nivolumab therapy was started (3 mg/kg intravenous nivolumab for 2 weeks per 1 cycle) as the eighth-line therapy. He received 18 cycles of intravenous nivolumab, and during the treatment, his lung lesions and multiple brain metastases were stable, and the patient followed an uneventful course. At that time, the nineteenth cycle of 3 mg/kg of nivolumab was administered after hospitalization. Four days after this nivolumab administration, grade 2-3 enterocolitis developed in the patient ( Figure 1 ). Endoscopic examination of the colon revealed intestinal inflammation accompanied by edema in the whole colon mucosa, which was consistent with enterocolitis associated with irAE ( Figure 2 ). After improvement of the patient's enterocolitis to grade 1, nivolumab was again administered. However, the day after resumption of nivolumab, the patient's enterocolitis became aggravated and worsened to grade 3. Therefore, nivolumab treatment was discontinued, and the recommended treatment for enterocolitis was started: 3.3 mg of intravenous dexamethasone and 40 mg of methylprednisolone (equivalent to 70 mg of prednisolone). After administration of the previously described regimen for 16 days, the treatment was switched to 50 mg of oral prednisolone; however, the patient's enterocolitis remained grade 2-3. On the 39 th day after the onset of diarrhea, 5 mg/kg of infliximab was administered intravenously. However, 2 weeks after infliximab administration the patient's diarrhea persisted. Thus, a second administration of infliximab was attempted; however, there was no improvement in severe diarrhea symptoms. His diarrhea was severe enough to cause sleep disturbance and depressive mood. Therefore, 50 mg of cyclosporine was 9  13  17  21  25  29  33  37  41  45  49  53  57  61  65  69  73  77  81  85  89  93  97  101  105  109  113  117  121  125  129  133 Grade started as a third-line therapy. Three days after starting oral cyclosporine (60 th day after the onset of enterocolitis), the number of diarrhea events started to decrease, and his enterocolitis became grade 1-2. Two weeks after cyclosporine treatment initiation, diarrhea symptoms resolved, and his stool became solid. Following this, an additional 5 mg/kg of infliximab was administered once. After confirmation of the resolution of the patient's enterocolitis, he was re-administered nivolumab and discharged to continue outpatient treatment. However, soon after receiving 2 courses of nivolumab, grade 3 diarrhea relapsed and nivolumab administration was withdrawn. Regarding oncologic outcome, computed tomography imaging conducted before patient discharge revealed stable disease, based on the unchanging cancerous lesions of the primary lung focus and multiple brain metastases, suggesting sustained immuno-modulatory effect on cancerous cells despite nivolumab cessation (Figure 3) . 
Discussion
In this study, we reported the case of a non-small cell lung cancer patient with nivolumab-induced enterocolitis that was refractory to corticosteroid and infliximab, but improved after oral cyclosporine administration. Although his treatment was uneventful during the first 18 cycles of nivolumab administration, he seemed to develop enterocolitis as an irAE associated with nivolumab on the 19 th cycle of nivolumab administration. While it is possible that enterocolitis associated with nivolumab could develop during early cycles of nivolumab therapy, studies have shown that there are lung cancer patients who developed enterocolitis associated with nivolumab around the 45 th cycle of nivolumab administration [2, 3] . Also, regarding the diagnostic accuracy of enterocolitis associated with irAE, the time course of its onset after nivolumab administration, as well as the relapse of enterocolitis after re-administration of nivolumab, support our final diagnosis. Although infectious enteritis [5] , such as cytomegalovirus infection, should be a concern for patients with diarrhea during nivolumab therapy, this scenario was unlikely due to a lack of ulcerative lesions on colonoscopy (Figure 2) , as well as no aggravation during cyclosporine treatment, which can also sustain immunosuppression. As cyclosporine is an immunosuppressive agent that blocks the transcription of cytokine genes in activated T cells [6] , the drug may be effective for irAE involved by T-cell activation.
The strength of this report is the uniqueness of oral cyclosporine therapy and the subsequent resolution of the refractory 
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enterocolitis. The enterocolitis of our patient seemed refractory, as he did not respond to corticosteroids and infliximab, and suffered from diarrhea during the day and night. However, diarrhea symptoms decreased and eventually subsided after 50 mg of oral cyclosporine. Thus, oral cyclosporine treatment can be a third-line therapy for enterocolitis associated with irAE, considering that treatment recommendations except for corticosteroids as first, and infliximab as second, choice therapies for enterocolitis do not exist [3] . In addition, the use of cyclosporine can be relatively cost effective compared with bioengineered drugs. A study showed that vedolizumab [7] , a humanized monoclonal IgG1 antibody against a4b7 integrin used for the treatment of inflammatory bowel disease, is effective against enterocolitis associated with irAE. In that study, 300 mg of vedolizumab was administered intravenously on days 1, 15, and 43, and then every 8 weeks thereafter. However, a single dose of vedolizumab costs about $5,000 (USD) [8] .
Several limitations of this study need to be mentioned. First, the case report design does not guarantee the effectiveness of oral cyclosporine treatment for enterocolitis in all cases. Second, our patient may have responded to infliximab treatment in a delayed manner, as his enterocolitis improved to grade 1 to 2 soon after oral cyclosporine administration (i.e., after 3 days). In addition, his diarrhea became grade 0 immediately after the third administration of infliximab. Indeed, although a systematic review has reported that enterocolitis caused by irAE usually improves rapidly after the first infliximab administration, there are cases in which response took approximately 2 weeks after the second administration of infliximab [9] . Therefore, it is possible that cyclosporine and infliximab had a synergistic effect on the patient's enterocolitis.
Conclusions
We reported a case of severe enterocolitis associated with nivolumab, which was refractory to corticosteroids and
